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WFIRST-AFTA Coronagraph Specs 
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AFTA Coronagraph Instrument will: 
•  Characterize with spectroscopy over a dozen radial 

velocity planets. 
•  Discover and characterize up to a dozen more ice 

and gas giants. 
•  Provide crucial information on the physics of 

planetary atmospheres and clues to planet 
formation. 

•  Respond to decadal survey to mature coronagraph 
technologies, leading to first images of a nearby 
Earth. 

•  Image disks around nearby stars to ~ 10 zodi 
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Ref.: Feng Zhao, 13 Nov. 2013, revised 

Bandpass	   400-‐1000	  
nm	  

Measured	  
sequen2ally	  in	  five	  
bands,	  10%	  each	  

Inner	  Working	  
Angle	   0.10	  arcsec	   At	  400	  nm,	  driven	  

by	  challenging	  pupil	  

Outer	  Working	  
Angle	   0.80	  arcsec	   At	  400	  nm,	  driven	  

by	  48x48	  DM	  

Detec2on	  Limit	   Contrast	  =	  
10-‐9	  	  

Cold	  Jupiters,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
not	  exo-‐Earths	  

Spectral	  
Resolu2on	   70	  

With	  IFS,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
from	  600	  to	  1000	  

nm	  



Baseline coronagraph architecture is flexible combination of hybrid Lyot 
coronagraph and shaped-pupil apodizer 

Coronagraph architecture 
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Many planets are known, few have 
been characterized 

WFIRST-AFTA Presentation to the CAA  4 

Known Exoplanets and Characterized Spectra
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AFTA will characterize planets in 
completely new regime 

WFIRST-AFTA Presentation to the CAA  5 

Known Exoplanets and Characterized Spectra
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AFTA bridges the gap to future 
Earth-finding missions 
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Typical contrast-angle plot 



Simulated Spectra 
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Simulated WFIRST/
AFTA CGI spectra of a 
Jupiter-like planet at 
SNR = 5 – 20. Multiple 
methane absorption 
features are 
detectable over 600 – 
970 nm, and the blue 
continuum slope is 
measurable (Marley et 
al. 2014)  



The most common planets have no 
equivalent in our solar system 

Kepler exoplanet distribution from Fressen et al 2013 

WFIRST/AFTA will be able to detect and 
take spectra of these abundant sub-giants. 



AFTA is sensitive into Super-Earth 
regime 

•  Blind search 
models show that 
surveys discovers 
3-6 planets of <4 
RE 

•  Blind search 
discovery rate 
enhanced by 
Doppler pre-
survey 
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WFIRST/AFTA Coronagraph Key 
Milestones 
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•  AFTA coronagraph addresses key NWNH and post-NWNH 
science goals 
–  As Kepler and microlensing complete exoplanet census, we move 

into the era of characterization 
•  AFTA coronagraph brings wavefront-controlled 

coronagraphy to flight levels on the path to future Earth-
finding missions 
–  Not just hardware, but algorithms and science  

•  Well-developed technology program to achieve appropriate 
TRL by Phase A 

•  System design is advanced and detailed 
•  Rigorous simulation program shows coronagraph performs 

well with the real telescope and will impose no new 
requirements 

Coronagraph Summary 
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Backup Slides 

11/3/2014 WFIRST-AFTA Presentation to the CAA  13 



Coronagraph Technology 
Development Highlights 
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Reflective shaped pupil mask 
•  Black Si on Al mirror coating demonstrated at JPL/MDL and Caltech/KNI 
•  High contrast demonstrated at HCIT 

Transmissive hybrid Lyot mask 
•  Circular mask fabricated and measured 
•  Testbed commissioned on 8/15/2014 

11/3/2014 WFIRST-AFTA Presentation to the CAA  



Shaped Pupil Coronagraph Testbed 
Demonstration 
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•  Narrowband	  results	  and	  early	  broadband	  results	  were	  submiWed	  to	  
TAC	  on	  9/17/2014	  

•  Milestone	  2	  approved	  during	  review	  with	  TAC	  on	  10/8/2014	  
•  Early	  broadband	  result	  meets	  Milestone	  5	  success	  criterion	  (for	  shaped	  

pupil)	  
•  Re$red	  our	  biggest	  risk,	  proving	  that	  high	  contrast	  is	  achievable	  with	  

AFTA	  telescope	  pupil	  
	  

550nm,	  2%	  BW	  
	  mean	  cont.	  ~6x10-‐9	  

550nm,	  10%	  BW	  
	  mean	  cont.	  ~9x10-‐9	  



Albedo Spectra 
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Fig. 19.— A comparison of the planet/star reflection spec-
trum for a model 1-MJ/5 Gyr giant exoplanet at 3 AU from
a G2 V star, as a function of spectral resolution (R = λ/∆λ)
from 100 to 20.

various Rs for a representative 1.0 MJ planet at 3.0 AU
from a G2V star. A baseline model at R ∼ 700 is shown
for reference. One can see that the methane and water
features for the R = 100 and R = 70 models are easily
decernible, but that below these Rs features are wash-
ing out. At R = 20, aside for the general slope of the
curve (which can be used to derive gross properties about
the underlying cloud and possible chromophore), critical
compositional information is quite lost.
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Fig. 20.— A study of planet geometric albedo spectra for
homogeneous model giant exoplanet atmospheres at T = 200
K as a function of atmospheric metallicity (1, 10, and 30× so-
lar). These models are cloud-free and use opacities at a pres-
sure of 0.5 atmospheres. Gas-phase opacities are not strong
functions of pressure, but are strong functions of temperature
and metallicity.

Each methane feature of Figure 4 is formed at a dif-
ferent altitude and pressure. Therefore, changing the
methane abundance changes the strength of each feature
differently. Without clouds, this provides a straightfor-
ward way to approximate abundances − various indices
(colors) calculated from the ratios of the depths of differ-
ent methane spectral features (around ∼0.62 µm, ∼0.74
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Fig. 21.— A set of model geometric albedo spectra, demon-
strating the generally strong dependence of reflection albedos
upon temperature or the presence of clouds. A metallicity of
10×solar and a pressure of 0.5 atmospheres are assumed. The
parameter Y here is the ratio of the cloud scattering opacity
to the molecular Rayleigh scattering opacity and values of
Y = 0 and Y = 10 are included for comparison. This ratio is
roughly constant for homogeneously-distributed water or am-
monia clouds consisting of small particles, but the use of the
Y parameter here is meant merely to demonstrate the gen-
eral albedo spectrum behavior with cloud opacity. (We note
that the scattering albedo of water droplets in the optical is
very close to one.) Also shown are models with T = 100
K and T = 300 K to depict the general dependence of the
albedo spectrum upon atmospheric temperature. The higher
the temperature, the lower the albedo, partcularly longward
of ∼0.65 µm and around ∼0.95 µm

µm, ∼0.81 µm, and ∼0.89 µm) and adjacent continua
can be calibrated to yield an average methane abundance
from observations. Figure 20 demonstrates the general
dependence of the geometric albedo upon metallicity of
a homogeneous atmosphere. Though these models are
cloud-free, this figure suggests that higher metallicities
result in lower albedos, particularly longward of ∼0.6
µm. This figure also suggests that various flux ratios,
particularly between ∼0.5 − 0.6 µmand/or ∼0.82 and
∼0.94 µm, can be metallicity indices. Note that the
higher metallicity models on this plot seem to recapitu-
late the behavior of the albedo spectra at longer wave-
lengths of Uranus and Neptune (Figure 16) vis à vis those
of Jupiter and Saturn.

Figure 21 communicates the rough dependence of the
geometric albedo upon both atmospheric temperature
and cloud thickness. For these example models, a metal-
licity of 10×solar and a pressure of 0.5 atmospheres are
assumed. We note that gas-phase scattering albedos (ω)
are not strong functions of pressure, but as Figure 21
clearly indicates the geometric albedo of a giant exo-
planet can be a stiff function of its atmospheric tem-
perature, particularly longward of ∼0.65 µm. Figure
21 also attempts to communicate the general influence
of clouds on reflectively. The presence of clouds requires
that multiple indices be used simultaneously to break the
approximate degeneracy that will result from the effect
of clouds on planet/star flux ratios. In this case (perhaps
generic), a single index or color measurement is less use-
ful, since some bands can be saturated and the effects of
clouds are a priori not known. Hence, multiple indices

Giant planet albedo 
spectra for 
homogenous model 
atmospheres at 
T=200K as a 
function of 
atmospheric 
metallicity. These 
models are cloud-
free. From Burrows 
(2014).  


